Involuntary job loss in administrative data is commonly identified by focusing on masslayoffs or plant closures. However, such events usually do not happen without prior knowledge, which potentially leads to selection in the labor turnover of distressed firms. We find that workers separating from closing plants up to 2 quarters before closure are associated with significantly lower displacement costs and on average significantly higher pre-closure earnings levels as opposed to ultimately displaced workers. Furthermore, our results indicate that displaced workers with high pre-closure earnings experience significantly lower reductions in future employment probabilities. These findings suggest that compositional differences cause estimated displacement costs to differ between early leavers and ultimately displaced workers. Focusing exclusively on the latter group would lead to a serious overestimation of displacement costs.
Introduction
Displaced workers have been the subject of an extensive literature.
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Introduced in the seminal paper by Jacobson et al. (1993) , the standard specification to measure the effect of displacement is borrowed from the evaluation literature: the labor market performance of displaced workers (treatment group) is compared to the one of non-displaced workers (control group).
Typically, this type of analysis requires administrative data, as long-term earnings and employment information must be available for displaced as well as non-displaced workers. A well-known challenge in these studies is the identification of involuntary job separations. The most popular strategy to overcome this difficulty is to focus on displacement-generating events such as mass-layoffs or plant closures (the limit case of a mass-layoff). Separations observed at the moment of such events are assumed to be the result of an exogenous shock and, therefore, independent of a worker's quality. Thus displaced workers should be a random sample of the workforce.
However, as plant closures typically do not happen as a complete surprise to either management or workers 2 , it seems realistic to assume that the ultimate shutdown of an establishment is preceded by a period in which both workers and management have time to react strategically. Knowledge of future distress will influence both firms' firing-as well as workers' quittingdecisions. The firm might choose to retain its most productive workers 3 , while workers with relatively better labor market opportunities might choose to avoid displacement and quit before closure. As a consequence of this selection process the average cost of separation might also vary relative to the closure of a plant. However, as presumably both mechanisms, "workers leaving the sinking ship" and "the management throwing ballast overboard", are 1 at work simultaneously 4 , post-separation outcomes of early leavers might on average be better, equal or worse compared to post-separation outcomes of ultimately displaced workers.
In this study we investigate the labor turnover process in closing plants as well as differences in post-separation outcomes based on matched employeremployee data for the universe of Austrian workers. In particular, we test empirically three key propositions linked to the selection hypothesis in the labor turnover process before plant closure. Firstly, we investigate whether post-separation outcomes differ significantly between early leavers and ultimately displaced workers. Secondly, if the selection hypothesis is correct, the group of early leavers might be associated with a different level of average productivity compared to ultimately displaced workers. We test this proposition by means of estimating pre-closure earnings regressions. Finally, we investigate the relationship between pre-closure earnings and the effect of displacement in order to understand whether differences between early leavers and ultimately displaced workers in terms of pre-closure earnings can explain differences in post-separation outcomes.
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Although the literature on displaced workers is vast, few studies have so far empirically examined the labor turnover process in dying establishments.
One recent paper analyzing changes in the composition of worker flows prior to displacement is that of Pfann and Hamermesh (2001) . This study tests a model of two-sided learning using personnel data from Fokker Aircraft that cover the paths of layoffs and voluntary quitting through its bankruptcy.
The basic idea of the model is, that parties to an employment relationship may learn about each other's intentions about ending the relationship by forming expectations based on the other party's prior behavior that ended similar relationships. Empirically Pfann and Hamermesh (2001) find that learning does occur. In particular, they find that workers with a lower firing probability during the closure process have longer job tenure, are males, have higher educational attainment, have technical/vocational schooling, are married, have taken more internal and external training courses and have a higher job evaluation. On the other hand, workers with lower quit propensities are between 35 and 50 years old, have longer tenure and are less well educated. In another paper, Lengermann and Vilhuber (2002) extend the signalling-model of Gibbons and Katz (1991) by introducing the idea that better workers may seek to avoid being viewed as being of average quality by leaving the firm prior to displacement, while those of lesser quality have an incentive to wait until displacement occurs. Using unemployment insurance records for the state of Maryland and proxying for worker quality by employing a measure derived from individual fixed effects stemming from wage regressions, 6 they find evidence for high-skilled workers leaving as well as firms laying off low skilled workers in periods before displacement. Bowlus and Vilhuber (2002) , in another study, test the implications of a partial equilibrium search model with notice on impending displacement. Using data from US universal wage records, they find evidence that workers leaving a distressed firm before a mass-layoff have higher re-employment wages as opposed to ultimately displaced workers.
These findings foster the concern that focusing on the ultimately displaced workers might lead to biased estimates of the effect of displacement. A concern that, however, has been long recognized by the displacement literature. The standard approach to overcome this potential problem is usually to include all separations happening within a certain time window before the displacement generating event.
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A strategy that faces the trade-off between neglecting early leavers and including a considerable amount of normal workforce turnover. While the choice of a time window has been quite ad-hoc in previous studies, we go beyond the existing literature by providing a rationale 6 Following the technique pioneered by Abowd et al. (1999) . Moreover, we exploit the size of our available data set to increase the comparability between displaced and non-displaced workers by employing an exact-matching selection algorithm for adequate control subjects. We then extend the standard specification of Jacobson et al. (1993) by allowing for heterogeneous displacement effects between early leavers and ultimately displaced workers. Our findings show that early leavers have significantly better post-separation labor market prospects, both in terms of employment probability as well as earnings, as opposed to ultimately displaced workers.
Moreover, pre-closure earnings regressions reveal that early leavers are associated with significantly higher pre-closure earnings even conditional on several individual and plant characteristics. Ultimately, we show that displaced workers belonging to the upper part of the pre-closure earnings distribution are associated with significantly higher post-separation employment probabilities.
Taken together, a picture emerges that is more in line with the "workers leaving the sinking ship" mechanism suggesting that compositional differences cause estimated displacement costs to be significantly lower for early leavers as opposed to ultimately displaced workers. Focusing exclusively on the latter group would therefore lead to a serious overestimation of displacement costs.
The paper proceeds as follows. Section 2 discusses the common definition and practice of measurement of displacement effects and formulates the key propositions tested in this paper. In Section 3 we describe the data and the sample selection. Section 4 provides descriptive evidence on pre-closure characteristics and post-separation outcome variables of separators from closing establishments. Estimation methods to test the main hypotheses and results 4 are presented in Section 5. Section 6 concludes.
Definition and Measurement of Displacement Effects
The formal definition of displacement costs proposed in Jacobson et al. (1993) is given by
where y it denotes the earnings of worker i at date t and D i,s = 1 if worker i was displaced at date s (and D i,s = 0 otherwise). The information available at date s − p is given by I i,s−p and p is sufficiently large that the events that eventually lead to displacement would not have begun by date s − p.
The most straightforward specification of a statistical model to estimate earnings losses corresponding to the definition in equation (1), that is presented in Jacobson et al. (1993) , reads as follows
This model represents workers' earnings histories (y it ) and identifies displacement costs with a subset of the model's parameters (δ k ). The specification allows the pooling of information for workers displaced at different periods, by introducing a set of dummy variables for the number of quarters before and after worker's separation, D k it , where D k it = 1 if, in period t, worker i had been displaced k quarters earlier (or, if k is negative, worker i was displaced −k quarters later). Moreover, worker's earnings depend on some controls for calendar time effects (γ t ) and individual fixed effects (α i ).
Taking this model to the data involves several difficulties. First, it typically requires administrative data in order to obtain information on long-term labor market outcomes of displaced as well as non-displaced workers. The use of administrative data, however, normally implies the shortcoming of having no information about the cause of an observed separation. The most popular strategy to overcome this problem is to focus on separations occurring at the moment of displacement-generating events such as mass-layoffs or plant closures, which can be identified in matched employer-employee data by reductions in plant-/firm-level employment. To cope with the possibility of displacements happening prior to the identified displacement generating event, it is common practice to include all separations observed within a certain time window before the actual event. Note, therefore that this standard specification encompasses two types of displaced workers: "early leavers"
(those who separated before the displacement generating event) and "ultimately displaced workers" (those who remained employed until the bitter end). Hence, the set of dummy variables identifying displaced workers in 
This paper now proposes the simple idea that displacement effects (δ s) vary according to the timing of separation relative to the closure of a plant.
In particular, displacement effects are different for early leavers and ultimately displaced workers. Making this distinction is motivated by economic theory. Given advance knowledge about the upcoming event, a search model of the labor market implies that such knowledge lowers the value of a given employment relationship as the probability of ending in unemployment increases.
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This, in turn, lowers the worker's reservation wage and increases a worker's search intensity. If workers are heterogeneous with respect to their outside opportunities, then workers with better labor market prospects might engage more intensively in on-the-job search, receive more job offers and consequently have higher quit rates.
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On the other hand, a negative demand shock for the firm's product results in reductions in the demand for labor. If firms have discretion on whom to lay off and private knowledge about workers' "true" productivity, the firm chooses to lay off less productive workers first, who are presumably associated with relatively bad labor market prospects. In sum, both mechanisms suggest that a selection on individual Proposition 1 states the first key hypothesis this study aims to test. However, even if observed displacement effects differ between early leavers and ultimately displaced workers, these differences could be due to reasons other than selection based on workers' characteristics. While previous studies have investigated differences between early leavers along various dimensions, we limit our focus to differences in pre-closure earnings. Acknowledging the limited capability of earnings to proxy for workers' productivity, we nevertheless expect earnings to be positively correlated with individual productivity.
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Hence, if selection based on productivity-related worker characteristics takes place, we would expect to see differences between early leavers and ultimately displaced workers in terms of pre-closure earnings. However, as presumably both mechanisms, firms' laying off less productive workers and workers with better labor market prospects quitting, are at work simultaneously, the two channels might offset each other in such a way that on average no differences in pre-closure earnings exist.
Thus, we expect to see differences in average pre-closure earnings only if one selection mechanism "dominates" the other. To test for this form of dominance, we formulate the following testable proposition: Ultimately, differences in average pre-earnings levels between early leavers and ultimately displaced workers can serve only as a potential explanation for differences in post-separation outcomes between these groups, if pre-closure earnings levels are related to the effect of displacement. Consequently, it remains to test whether displacement effects are correlated with pre-closure earnings levels: Testing the validity of the latter two propositions could shed light on the link between selection in the labor turnover process before plant closure and differences in displacement effects relative to plant closure.
Data Description
The data stems from the Austrian social security database (ASSD). The data set includes the universe of private sector workers in Austria covered by the social security system. All employment records can be linked to the establishment in which the worker is employed. It contains detailed information on individuals' employment and earnings histories as well as certain individual characteristics. Daily employment and monthly earnings information is extremely reliable, because social security tax payments for firms as well as benefits for workers hinge on these data.
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Monthly earnings are top-coded, which applies to approximately 10% of workers. We transformed monthly gross earnings in daily wages dividing them by effective employment duration in each month of observation. Furthermore, the data includes information on employers such as geographical location, industry and size of the establishment.
The data set covers the period from 1978 until 1993 at a quarterly frequency, where the 10th of February, May, August and November serve as reference dates for the data collection. This setup implies that an individual is recorded as employed in a given quarter only if she is employed at the corresponding reference date. We concentrate on workers employed in the period 1982 to 1988 -who are in the risk set for a plant closure in this period; this allows us to observe the workers in detail 5 years prior to bankruptcy and 5 years afterwards.
The ASSD contains no direct information on plant closures. Following best practice in the displacement literature we identify a plant closure by the disappearance of a plant identifier. Each establishment has an employer social security number. Hence, a shutdown of an establishment in the data occurs when the employer identifier ceases to exist. As the unit of analysis is a plant as opposed to a firm, the possibility remains that a disappearance of an establishment identifier reflects re-organization or takeovers. To avoid including these "false plant deaths" we impose the following restriction: A plant is coded as a closing plant at the reference date t if two conditions (ii) Less than 50% of the employees of an establishment find a new employment relationship under the same, new establishment identifier.
13
The latter condition minimizes the inclusion of "false plant deaths", but might eliminate also some true plant closure, where large groups of workers move "together" from one dying firm into the same new firm. The first two criteria are meant to exclude seasonal employment and establishments without basically any dependent employees. The latter two criteria should ensure that all workers present similar legal requirements for layoff. Low tenure workers and older workers might be easier to layoff due to probation periods or early retirement regulations.
The setup described above allows us to identify 4,703 closing plants between 1983 and 1988. Table 1 Notably, the number of workers included in the empirical analysis shows a more stable pattern before closure than total employment does. This reflects that a significant number of separations before closure include low tenure workers or workers not in the age group between 35 and 55. The top left panel reveals that the share of female workers remains relatively stable at around 49% during quarters 12 to 4 before closure, but increases during the last year before closure by 6 percentage points. This indicates that early leavers are mainly men. Furthermore, early leavers are also mainly blue collar workers, which can be seen from the top right panel. The share of white collar workers in dying establishments jumps up by 12 percentage points in the last year of existence. Before this period, the share of white collars is steadily declining.
The higher share of blue-collar workers might be explained by institutional factors. In particular, the legislation on advance notice varies for blue and white collar workers in Austria. Depending on age and tenure, blue collar workers receive an advance notice of displacement up to two weeks before dismissal. White collar workers, on the other hand, receive such a notice between 1.5 and 5 months before dismissal. 17 See OECD (1993) for an overview of employment protection legislation in several OECD countries including Austria. make downsizing necessary, it is less difficult to layoff blue-collar workers.
The middle panels show average experience and job tenure in days. Average experience rises up to the fourth quarter before closure by 30 days reflecting the fact that these very early separators have below average experience levels. During the last year of the plant's existence, more experienced workers tend to leave the plant, so that average experience again declines by 20 days. Average tenure, on the other hand, increase over the entire three year period before closure. However, while average tenure grows by around 110 days from quarter 12 to quarter 4 before closure, the increase in tenure almost vanishes to only 6 days during the last year before closure. Recall that tenure refers to the level three years before closure and that newly hired worked as well as workers with less than one year of tenure are not included in this average tenure measure. Hence, the initial increase in average tenure is not surprising as a correlation between the probability of leaving the firm and the tenure level is economically intuitive. Models including firm-specific human capital, heterogeneous job-matches or wage-seniority would imply such a correlation.
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This makes it the more interesting to see that workers leaving shortly before plant closure are not characterized by below average tenure levels.
Average age is plotted in the lower left panel. It decreases slightly over the entire pre-closure period. No different pattern is apparent during the last year before closure. Hence the observed decrease in the average work experience and the flattening of the increase in tenure during this period is not a mere by-product of an age-effect in the sense that older workers are leaving in increasing numbers shortly before closure.
Descriptive statistics on daily earnings can be seen in the bottom right panel. Average daily earnings in euros at their level 3 years before closure are plotted against time relative to closure. Initially average earnings increase slightly by 30 cents from quarter -12 to quarter -4. Thereafter, up until closure, earnings drop by 80 cents, which roughly corresponds to a 2.5 per cent earnings drop. This indicates that early leavers are associated with higher average earnings compared to ultimately displaced workers.
In sum, the key findings of these descriptive statistics are that separators leaving a dying establishment up to two quarters before closure are predominately men and blue collar workers. Moreover, they are associated with unconditional higher daily earnings.
To analyze the short-run effect of early separation we focus on the labor market status of separators in the first quarter after leaving the closing plant.
As earnings data is available, we are able to evaluate a new employment relationship based on the associated daily wage. That is, we classify the new job relative to the previous job. In particular, we categorize the employment status in the first post closure quarter according to three different states: (i) not employed, (ii) employed with a lower wage, (iii) employed with a higher or equal wage.
One advantage of looking at the directions of separations is that it provides some evidence on the cause of separation, namely on whether the employment relationship ends because of a layoff or quit. Typically it is impossible to distinguish between these two causes in non-survey data. However, when observing individuals employed in a higher wage job immediately after separation it seems likely that these individuals quit their previous job. On the other hand, observing an individual accepting a lower wage or not being employed might indicate a layoff.
Figure 3 displays the percentage of workers ending up in either of the three states in the first quarter after separation by separation groups. First, notice that the distribution over the 3 outcomes varies quite a bit in the quarters -12 to -6 before closure with the results for quarter -10 being an outlier. However, as these separations occur at least one-and-a-half years before the closure of the plant, it is unlikely that a huge fraction of them is related to the closure event.
Starting from quarter -6 until quarter -1 a downward trend in the per- Analogously, the fraction of separators immediately accepting a lower paid job increases until quarter -1 (up to 35 %) and then drops back for ultimately displaced workers (18 %). Interestingly, no such pattern exists for workers finding a higher paid job immediately.
This already provides some first evidence that in the short run early leavers perform better compared to ultimately displaced workers. To investigate this aspect further, we conduct a survival analysis. Figure 4 plots the Kaplan-Meier estimates for survival in non-employment after separation by quarter of separation relative to plant closure.
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The graph reveals that while there appears to be no significant difference in terms of search time between ultimately displaced workers and early leavers leaving the closing plant in quarter -4 and -3, separators in quarters -2 and -1 find new employment more quickly. 75 % of early leavers leaving at -1 manage to find a new job within 2 quarters after separation and only 10 % of this group remain non-employed within the first 4 years after separation. In contrast, among the ultimately displaced workers around 30 % remain non-employed during the first 2 quarters and still roughly 15 % during the first 4 quarters after after closure.
To understand how overall employment probabilities change by quarter of separation relative to plant closure, figure 5 shows average employment by separator groups in the 16 quarters before and 20 quarters after separation. While prior to separation no significant differences exist, the employment probabilities of late early leavers (d=-1 and d=-2) dominate the respective probabilities of the other three groups in the first 20 quarters after separation.
Finally figure 6 provides unconditional evidence on the evolution of nominal log daily earnings, conditional on being employed, by separation groups. Obviously, changes in this measure may occur because of changes in real earnings, in inflation and because the set of employed workers may change. The evolution of earnings is qualitatively very similar for all separation groups.
Over time, nominal daily earnings increase strongly, mainly reflecting growth in real earnings and inflation. Three aspects are particularly worth mentioning: firstly, at all quarters the level of earnings is the lowest for the group of ultimately displaced workers. However, the difference with any other group is always quite small, never exceeding more than .1 log points. Secondly, all groups have a spike in the evolution of wages directly after separation.
This clearly reflects selectivity as the workers who are able to find a new job immediately are probably also the more productive ones. Thirdly, no higher earnings loss due to separation is obvious for ultimately displaced workers as opposed to early leavers conditional on being employed.
Estimation and Results
Borrowed from the evaluation literature, the seminal study of Jacobson et al. 
Identifying Early Leavers
Before turning to the estimation of displacement effects, we exploit this setup by comparing post-separation outcomes of early separators from closing plants with those of separators from surviving plants. This provides a test for the validity of including early leavers in the displacement group. The rationale behind this exercise is that if observed separations prior to the closure of a plant were due to "normal" labor turnover, which is not related to the upcoming plant closure, then post-separation outcomes should be indistinguishable from post-separation outcomes of separations happening in non-closure plants.
Equation 4 presents an empirical model to measure differences in postseparation outcomes between separators from closure and non-closure plants:
Y it represents the outcome variable of interest, α i is an individual-specific fixed effect, θ t captures the effect of calendar time and it is an error term uncorrelated with all variables appearing on the right side of the equation. If downsizing occurs also in non-closing plants and selective labor turnover matters for the survival probability of a plant, then including these separators in the control group might bias the results. However, our main results of this exercise remain qualitatively unchanged when restricting potential controls to include only separators from non-closing plants with quarter-on-quarter employment reductions of no greater than 30%. can be seen in row 1 of table 4. The results reveal a significant effect of separating from a closure plant that goes beyond the isolated effect of separation for early leavers separating in d equal to -1 or -2. While separators leaving closing plants 3 and 4 quarters before closure are indistinguishable from normal separations, the estimated coefficients indicate a reduced loss in terms of employment probabilities for early leavers separating 1 or 2 quarters before closure of 9.4 and 7.2 percentage points, respectively. In terms of daily earnings no significant differences between separators from closing and non-closing plants can be found.
The results of this exercise provide evidence that at least a high fraction of all separations happening during the closure process of a plant are directly related to the upcoming closure and, therefore, should be included in the treatment group in the analysis of displacement effects. Given the results presented above, we feel confident in including at least all separations happening up to two quarters before closure into the displacement group.
Displacement Costs and Time of Separation
We can now define more specifically a dummy variable identifying early leavers. Let EL i take the value one if individual i is observed working in a closing plant in the two last quarters before the plant closes (−2 ≤ d < 0, but who is not employed at the plant at the very last quarter (d = 0) the plant is observed in the data and takes the value zero otherwise. Analogously we (re-)define the dummy variable D i to identify all workers separating due to a plant closure. This includes the above defined group of early leavers as well as ultimately displaced workers.
With this notation in mind we are now able to test Proposition 1. Equation (5) defines a model to measure the effects of displacement that allows for heterogeneous displacement effects:
We again measure these effects separately for employment probabilities and earnings. Y it denotes the outcome variable of interest. As before, α i is an individual-specific fixed effect, θ t captures the effect of calendar time, nor does it restrict a control to a continuously employed worker as is the case in many displacement studies.
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In this study we take the point of view that an adequate control should not be restricted in any way to proxy for the counterfactual outcome in the absence of displacement. A control should be distinguishable from a treated only insofar that the control does not suffer from displacement due to a plant closure. A control might, however, lose the job due to other reasons.
As before, the selection of adequate controls is based on the exact matching algorithm presented in figure 7. Table 5 
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means between displaced and non-displaced workers are small, with somehow larger differences in tenure and plantsize.
Displaced early leavers are associated with on average 228 days of tenure less than their matched controls. This difference is, however, only about 0.13 standard deviations. Moreover, if tenure is associated with more stable employment and higher earnings, the worse matching for early leavers in terms of tenure should (if at all) downward-bias the effect of displacement for early leavers as opposed to ultimately displaced workers.
Moreover, displaced workers are on average employed in smaller plants compared to their matched control subjects. The matching procedure based on quartiles did not work too well here. However, one should keep in mind that our estimation strategy does not solely rely on selecting adequate controls based on matching certain characteristics, but additionally includes individual fixed effects to capture remaining time-invariant confounding factors. Hence, it seems very unlikely that this difference in average plantsize between early leavers and their matched controls could ultimately drive our results. Table 5 also reveals differences between early leavers and ultimately displaced workers. As already seen in the descriptive statistics, the group of early leavers consists more of men and blue collar workers compared to the group of ultimately displaced workers. Moreover, while both groups of displaced workers were employed at the same closing plants, the early leavers stem to a significantly larger proportion from big establishments. However, part of the difference in plantsize is precisely due to the downsizing before closure as plantsize is measured at the moment of separation. Table 6 presents the results of estimating equation (5). Column 1 shows estimated coefficients from a regression with an employment dummy as dependent variable. The estimate for δ, which can be seen in row 4, reveals that the overall effect of displacement in terms of employment probability is estimated to be -0.23, implying a reduction in post-displacement employment probability of 23 percentage points in the first 5 years after displacement. This effect goes beyond the pure time effect K 1,20 of -.07, which represents the dissolution of employment relationships present even in the absence of displacement. While no systematic differences can be found between early leavers and their matched controls, the additional effect of leaving early is estimated to be highly significant at around 0.07. This implies that early leavers face a 7 percentage points higher employment probability as opposed to ultimately displaced workers.
Column 2 presents analogous difference-in-difference estimation results with log daily earnings (conditional on being employed) as dependent variable. Focusing on the key parameters of interest in column 2, we find a common earnings loss due to displacement of 6 percent, but a significant 1.2 percentage points lower loss for early leavers. Column 3 shows earnings results with a less restrictive sample selection. Similar to the selection criteria applied in other studies, we assign zero earnings for individuals not employed in a given quarter, but include only observations with positive earnings within a calendar year. Hence, this "unconditional" earnings measure captures also earnings losses through short-term non-employment, which increases the estimated common loss of displacement to 61 percent. The loss for early leavers is now 14 percentage points lower.
In sum, table 2 reveals that the cost of displacement is significantly lower for early leavers compared to ultimately displaced workers. The difference in displacement effects might be explained by compositional differences between these two groups. Section 4 already provided descriptive evidence on differences in average workers characteristics, which fosters the conjecture that a selection process has set in during the closure procedure. Moreover, previous studies have also found evidence for the presence of selection in the labor turnover process before plant closure.
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However, workers and management have a competing agenda. Highly productive workers might leave a distressed plant to avoid ultimate displacement, whereas low productivity workers might be the first to be laid-off when a negative demand shock makes downsizing necessary. Hence, it remains an empirical challenge to answer how average productivity varies between early leavers and ultimately displaced workers. 
Pre-Closure Earnings and Time of Separation
To test proposition 2 we estimate a model of pre-separation daily earnings.
However, note two important caveats of interpreting observed earnings differentials as differences in productivity: First, the use of earnings as a measure of worker productivity is based on the underlying assumption that wages are equal to the marginal products of labor. Various characteristics of actual labor markets, such as discrimination, union bargaining, signalling and mismatch, may result in violations of this assumption. Secondly, our measure of daily earnings does not reflect differences in labor input in terms of hours worked. Nevertheless, earnings remain the best available proxy for a worker's productivity given the data in hand. Equation (6) presents a model of pre-separation earnings,
where the dependent variable ln(w it ) represents log daily earnings, EL i takes the value one if individual i is an early leaver and takes the value zero if individual i is an ultimately displaced worker, X it a set of control variables, θ t captures the effect of calendar time and it is an error term uncorrelated with all right-hand-side variables. Table 7 presents the results of estimating equation (6). All regressions control for calendar time effects as well as for relative distance to the closure of the plant. The latter variable is an important control as earnings might be contaminated due to the economic ill-being of the employer. Column 1 represents the results from regressing log daily earnings on the early leaver dummy. The estimated coefficient λ is negative at -0.05 and highly significant. This unconditional evidence suggests that early leavers are associated with 5% lower daily earnings in the 17 quarters before displacement. Including personal characteristics such as age, gender, broad occupation and tenure pushes up the estimate to 0.72.
the plant drives down the estimated coefficient for early leavers again, as can be seen in column 3. However, the estimate remains significant and positive at 0.41. Finally, estimating a Tobit specification accounting for top-coding in the earnings data does not change the results significantly. In sum, all specifications reveal significantly higher pre-closure earnings levels for early leavers. We take this as evidence that proposition 2 is correct.
Displacement Costs and Pre-Closure Earnings
To understand how higher average pre-closure earnings affects displacement effects, we estimate a displacement effect model allowing for heterogeneous displacement effects along the pre-separation earnings distribution. For simplicity we focus on quartile groups. That is, we allow for different displacement effects for each quartile. The model is specified as follows:
Equation ( To understand how these distributional differences affect the estimation results of equation (7), we estimate equation (7) separately for early leavers, ultimately displaced workers and the two groups jointly. Table 8 presents the estimation results separately for employment (column 1-3) and earnings conditional on being employed (columns 4-6).
In terms of employment probabilities, significant losses exist for the baseline category of workers belonging to the highest quartile of the pre-separation earnings distribution. This can be seen in row 1. The estimates ran0ge from 24 -.11 for the early leavers sample up to -.19 for the ultimately displaced workers sample. Based on the combined sample, high earnings workers are estimated to face a reduction of 16 percentage points in their post-separation employment probabilities. The interaction terms reveal that displacement costs are significantly higher in terms of future employment for low earnings workers. The workers belonging to the lowest quartile of the pre-separation earnings distribution suffer the most. They face an additional reduction in employment probabilities of 11 percentage points. Workers in the second quartile also endure an additional loss of 5 percentage points compared to high earnings workers. Workers in the third quartile suffer no significant additional loss. Note that the pattern of displacement effects between quartiles is very similar when estimating equation 7 based on the early leavers and the ultimately displaced workers sub-samples separately.
While these results clearly suggest that above median earnings workers suffer significantly less in terms of future employment, the results on earnings in column 4 to 6 show a reversed pattern. Here, it appears that high earnings workers lose the most as can be seen from the positive and significant coefficients in column 4. This pattern is also confirmed in the sub-sample regressions shown in column 3 and 6.
However, while these results seem striking, they have to be interpreted carefully. Recall that the estimations on log daily earnings only include observations with positive earnings. Hence, only those separators that successfully found new employment after their separation are included. This, however, leads to compositional differences within groups. In particular, these results seem to suggest that those workers who are successful in finding a new job are also the more productive workers. As low pre-separation-earnings workers are associated with significantly lower employment probabilities as opposed to high pre-separation-earnings workers, the results are not clear-cut as differences in post-separation earnings might be entirely driven by selection within these groups. Moreover, the Austrian labor market is highly regulated and wage setting is not at all flexible. This is particularly true at the lower end of the wage distribution, where generous social security regulations implicitly constitute minimum wages. Hence, it is not surprising that conditional on re-employment earnings losses basically don't occur at the lower end of the pre-closure earnings distribution.
Results in column 7 to 9 report earnings losses on an "unconditional" earnings measure. As this measure captures earnings losses caused by shortterm non-employment, most interaction effects with quartile groups become smaller and insignificant.
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This reveals that results on earnings losses caused by a job loss strongly depend on the underlying earnings measure.
Regarding proposition 3, we therefore conclude, that -while no conclusive evidence based on earnings exists -displacement costs in terms of employment probabilities vary clearly with the level of pre-closure earnings. In particular, the findings suggest that workers with above median pre-closure earnings are associated with significantly lower losses in terms of future employment probabilities as opposed to below median workers.
Conclusion
In this paper our first task was to analyze job separations happening before plant closure. We find that early leavers separating up to two quarters Given this identification of early leavers, we tested three propositions related to the selection hypothesis in the labor turnover process before plant closure. A clear picture emerged: early leavers suffer significantly less from separating from a closing plant compared to ultimately displaced workers.
They suffer less especially in terms of future employment probabilities. Moreover, early leavers are associated with significantly higher pre-closure earnings levels conditional on several individual and firm characteristics. Finally, displacement costs (in terms of future employment probabilities) are significantly lower for workers with higher pre-closure earnings.
These findings are in line with the hypothesis that prior knowledge about the upcoming plant closure induces both management and workers to react in terms of their firing and quitting decisions. As a consequence, selection based on workers' characteristics occurs: firms laying off less productive workers, while workers with better outside options quit. However, on average early leavers appear to be more productive as suggested by higher average pre-closure earnings. As displacement costs in terms of future employment are lower for high-earnings workers, the observed difference in displacement effects between early leavers and ultimately displaced workers could be explained by compositional differences between these groups that result from a selection in the turnover process before plant closure.
We believe that these results are relevant for the literature on worker displacement. A key implication of these findings is that any study utilizing plant closures as a quasi-experiment is well advised to include also separations occurring before the ultimate shutdown. We propose a procedure to identify early leavers based on a comparison with normal turnover that goes beyond the standard, ad-hoc method of including all separations happening within a certain time-window before closure. According to our results, focusing solely 27 on ultimately displaced workers would lead to serious overestimation of the cost of displacement as it appears that those who left before the closure are on average the more productive workers. While this study takes the plant closure as a given, this result also raises the question of causality and emphasizes the importance of a better understanding of the causal link between worker flows and the closure of firms. is an identifier for the first 20 quarters after separation, D is a displacement dummy and QRT is an identifier for the quartile of the pre-separation distribution, where the number in brackets refers to the respective quartile. Regressions are based either on the full sample (ALL), on a sub-sample including ultimately displaced workers and matched controls (UD) or on a sub-sample including early leavers and matched controls (EL). All regressions control for individual fixed effects and calendar time effects. Robust standard errors in parentheses.
